The secondary hydroxyl ion (alkoxide) ion for cyclodextrin (CD) may affect the decomposition of allyl isothiocyanate (AITC) in alkaline solutions. The equilibrium and kinetic parameters involved in the reaction processes were measured. It was found that the interaction between the alkoxide ion for CD and the included AITC occurred more than pK a 12.7. From the identified kinetic parameters and discussion, it was suggested that the reaction site of AITC was located in the vicinity of one of the secondary hydroxyl groups of CD in the cavity.
Allyl isothiocyanate (AITC) is called allyl musterd oil as a popular name, and is a major flavor component of Wasabi (Wasabia japonica Matsum) and black musterd (Brassia nigra L.) etc. Recently, isothiocyanates have been found to have biological activities (antibacterial activity, 1) inhibition of platelet aggregation, 2) anticarcinogenesis 3) etc.), and is understood as the one of the physiological food factors. 4) AITC is one of the isothiocyanates with biological activities, and is a very reactive and unstable compound in an aqueous solution. 5) We have investigated the depression of the decomposition of AITC in an aqueous solution (pH [2] [3] [4] [5] [6] [7] [8] [9] and reported the suppressive effect by the formation of a cyclodextrin-allyl isotyiocyanate (CD-AITC) inclusion complex in a previous paper. 6) It is known that the secondary hydroxyl groups for CD ionize under an alkaline condition, and the interaction between the ionized CD and the included substrates occurs frequently. 7) To elucidate the suppressive effects and reaction mechanism for CD on the decomposition of AITC in an aqueous solution, we have done kinetic analysis to ascertain the effects of the ionized CD on the decomposition of AITC under an alkaline condition, and discussed in connection with the geometry of a cyclodextrin-substrate complex in this study.
AITC was of reagent grade and supplied by Tokyo Kasei Kogyo Co., Ltd. Reagent grade -CD and -CD were purchased from Wako Pure Chemical Industries Ltd. Reagent grade 1-benzothiophen was used as the internal standard agent for GC analysis, was purchased from Tokyo Kasei Co., Ltd. All the other chemicals used were of analytical quality. The decomposition rate of AITC in an alkaline solution was measured by to the previously described method.
6 with various concentration of -or -CD (0, 2.5, 5, 7.5, 10 mM) were measured by gas chromatography against time. In alkaline solutions, it was difficult to measure kinetic parameters for the reaction, because the decomposition rate of AITC was very fast, so the reaction was done under the following conditions: the reaction was run at 5 C, because the reaction rate was depressed at low temperatures; after the reaction, sample solutions were adjusted with 2 N H 2 SO 4 solution at pH 4-5 for the stop on the reaction, and then AITC was extracted with hexane from the sample solution for supplying GC analysis. 8) It has previously been described that AITC formed an inclusion complex with -and -CD in an aqueous solution.
6) Mochida et al. 9) postulated the reaction scheme shown below in order to explain the pH dependence of the equilibrium and kinetic parameters involved in the reaction processes between CD and substrates. Equilibrium Processes:
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where CDOH and CDO À represent the unionized and ionized cyclodextrins respectively; S, a substrate; P, products; k a , the first-order rate constant for the reaction of a complexed substrate with the cyclodextrin alkoxide ion, and k f and k b , the second-order rate constants for the reactions of free and complexed substrates respectively with OH À . Under the conditions of [CD] 0 ) [S] 0 , we assumed that (1) the ionization of CD has approximately no effects on the K diss and k b values; (2) the inclusion of a substrate also has little effect on the K a value, and (3) the reaction of a substrate with the unionized CD is negligible. Then, the rate constants, k obsd , k un and k c , can be represented by eq. (1), (2) and (3), respectivity, as is shown:
where k obsd is the observed decomposition rate constant; k un and k c , the rate constants for free and complexed substrates respectively; Comparing the values for k un and k c , the result showed that the k un values were extremely larger than the corresponding k c values. A comparison of K diss values for the -and -CD inclusion complexes showed that the K diss values for an -CD system was smaller than those for a -CD system. It has been known that the secondary hydroxyl groups, which are arranged around one edge of the tours of CD, ionize under an alkaline condition. 7) In the alkaline solution, the reaction of the CD-AITC systems may be affected by the ionic hydroxyl groups (the alkoxide ion) for CDs, because the alkoxide ion is the catalytic site of CD in a cyclodextrin-substrate complex. 6) Then, the equilibrium and kinetic parameters for the CD-AITC systems were measured and evaluated by the use of eq. (2) and eq. (3). The actual values of K a , k a and k b for each reaction system were calculated by means of regression analysis with a computer, the resulting values are shown in Table 2 . The pK a values of -and -CD for an CD-AITC system determined 12.7 and 12.8, respectively, and both values have been varied within a relatively small range. The pK a values have been previously estimated 12. 1-12.7, 9) and then the pK a values determined in this study were nearly the same. Comparing the , None; , -CD 5 mM; , -CD 5 mM. values for k a and k b , the k a was larger than the k b , and the similar tendency was shown between the both -and -CD system. The k a represented the rate constant for the reaction between an included AITC and alkoxide ions. From the results, the alkoxide ion for CDs significantly affected the reaction rate of the decomposition of AITC in an alkaline solution, especially more than pK a 12.7, from which the ionization of the secondary hydroxide groups of CDs occurred. The values for k b represent the decomposition rate constants of the included AITC by OH À . The k b values were very small, and smaller than the k f values. These results indicated that the included AITC molecule would be better protected from the nucleophilic attack of OH À than free AITC in an alkaline solution. Moreover, the k b values for -CD were smaller than that for -CD. These results indicated that the included AITC in -CD was better protected from the nucleophilic attack of OH À than that in -CD. The kinetic and equilibrium parameters in the reaction processes were discussed in connection with the geometry of a cyclodextrin-substrate complex.
VanEteen et al. 10) suggested that the ratio k a /k f would be a measure of proximity between the reaction site of a substrate and the alkoxide ion of CD in the cyclodextrin-substrate complex. Furthermore, the ratio k b /k f may depend on how much the reaction site of an included substrate is protected from the nucleophilic attack of OH À compared with the free substrate.
10) The k a /k f values for both -and -CD-AITC system are not zero, indicating the distance between the reaction site of AITC and the alkoxide ion of CD in a CD-AITC complex is in close proximity. The k a values for the both systems are lager than the corresponding k b values, indicating the reactivity between the included AITC and alkoxide ion of CD is larger than that between the included AITC and hydroxide ion in solution. These facts suggest that the carbon atom of isothiocyanate group (-N=C=S), which is the reaction site of AITC, is located in the vicinity of the secondary hydroxyl groups for CDs. Furthermore, both the k b and k b /k f values are very small, indicating the reactivity of the included AITC molecule in -and -CD is small and protected from the nucleophilic attack of OH À compared with the free AITC. The results suggested that the carbon atom of the isothiocyanate group may be located in the CD cavity, which protects the included AITC molecule from the nucleophilic attack of OH À by steric hindrance of the CD torus. The allyl group may be more hydrophobic than the isothiocyanate group, and the former may be included more deeply in the CD cavity than the latter, because the hydrophobic character of substrates is favorable to be included into the CD cavity. However, the definite stereogeometry of the included AITC molecule in the cavity remains to be ascertained, and has to be investigated in detail.
